BACKGROUND: Cesarean delivery has increased steadily in the United States over recent decades with significant downstream health consequences. The World Health Organization has endorsed the Robson 10-Group Classification System as a global standard to facilitate analysis and comparison of cesarean delivery rates. OBJECTIVE: Our objective was to apply the Robson 10-Group Classification System to a nationwide cohort in the United States over a 10-year period. Over the study 10-year period, 27,044,217 deliveries met inclusion criteria. Five parameters (parity including previous cesarean, gestational age, labor onset, fetal presentation, and plurality), identifiable on presentation for delivery, were used to classify all women included into 1 of 10 groups.
Introduction
While the World Health Organization (WHO) has suggested that the optimal cesarean delivery rate should be 10-15%, 1 this range is not clearly supported by research findings. Increased use of cesarean may be associated with adverse maternal and neonatal outcomes including increased risks of severe maternal morbidity and neonatal intensive care admissions, and represents excessive resource utilization without medical indication or benfit. [2] [3] [4] However, in some circumstances a higher rate of cesarean may be associated with improved rates of maternal and neonatal outcomes. 5, 6 These discordant findings may be due in part to cesarean delivery occurring across a wide range of clinical scenarios with varying indications. The Robson 10-Group Classification System (TGCS) was developed with the goal of auditing and potentially reducing the rate of cesarean delivery. 7, 8 This system, described below, facilitates comparisons of "apples to apples" by identifying specific clinical scenarios in which cesarean delivery may occur. The TGCS can be used to assess cesarean across providers, institutions, or on a population basis. Variation in or increased use of cesarean identified by the TGCS can lead to meaningful staff education and quality improvement intiatives. [9] [10] [11] [12] The WHO has endorsed the TGCS as the most appropriate tool to facilitate monitoring, analyzing, and comparing cesarean rates across different health care settings. 13 In the United States cesarean rates have increased over recent decades without a clear clinical benefit or rationale and now account for nearly one third of births. 14, 15 While the Eunice Kennedy Shriver National Institute of Child Health and Human Development, the American Congress of Obstetricians and Gynecologists (ACOG), and the Society for Maternal-Fetal Medicine have issued recommendations to prevent the first cesarean, 16, 17 increasing use of cesarean across a range of different clinical scenarios is likely responsible for the frequency with which the procedure is performed.
Given that there is a significant knowledge gap regarding how varying clinical scenarios contribute to cesarean delivery rates and trends in the United States, the purpose of this study was to apply the TGCS to the US population. 19 It was decided to exclude births from 2004, given that a relatively small proportion of national births are represented in the 2003-revised birth certificate for this year.
Materials and Methods

Study cohort
The data set is assembled, maintained, and provided by the National Vital Statistics System, a joint effort of the National Center for Health Statistics and states to provide access to statistical information from birth certificates. It is required that birth certificates are completed for all births, and federal law mandates national collection and publication of birth statistics. Prior analyses have addressed the validity of these data. [20] [21] [22] Because US vital statistics data used in this study are both publicly available and deidentified, this analysis was deemed by the Columbia University Institutional Review Board as exempt from approval.
The TGCS
The TGCS classifies women into 10 groups based on 5 obstetrical characteristics that can be defined on presentation for delivery: (1) parity including previous cesarean, (2) gestational age, (3) onset of labor, (4) fetal presentation, and (5) plurality. Given that these characteristics are routinely collected by obstetrical providers, women are readily classifiable. Individual groups are defined by these characteristics in a mutually exclusive and totally inclusive manner in that all women are accounted for and no patient is incorporated into >1 group. This system does not require data on the underlying indications for cesarean delivery or perinatal outcomes.
Statistical analysis
We examined the distribution of maternal sociodemographic characteristic and clinical and obstetrical factors including maternal age (grouped as <20, 20-24, 25-29, 30-34, 35-39, 40-44, and 45 years), year of delivery, primiparity, education (grouped as <8, 8-11, 12-15, or 16 years of completed schooling), race/ethnicity (non-Hispanic Caucasian, non-Hispanic black, Hispanic, or other), plurality (singleton or multiple birth), and smoking during pregnancy. Since this study was descriptive and described an entire population, no formal statistical testing was performed.
Due to the fact that a varying number of states adopted the 2003 version of the birth certificate for each year of the study, a sensitivity analysis was carried out where outcomes were assessed for a fixed sampling period (2007 through 2013) across 22 states where the certificate was in use constantly during that time.
Results
Of a total of 27,044,217 deliveries in the United States from 2005 through 2014 (based on the 2003 revision of the birth certificate), 31.6% had a cesarean delivery (n ¼ 8,553,448). The characteristics of the study population are shown in Table 1 . Our findings show that 31.4% of patients in the population were primiparous, while 14.6% were aged 35 years and 16.9% smoked during pregnancy. One in 10 babies was delivered preterm (<37 weeks' gestation).
The composition of all 10 groups along with the cesarean delivery rate in each group in 2014 is shown in Table 2 ; this allows obstetric units across the nation, which analyze their patient population using the TGCS, to compare their results against national results for 2014.
The contribution of each group to the overall obstetric population is shown in Table 3 . Group 3 (singleton, cephalic, multiparous women at term in spontaneous labor) was the largest of the 10 groups (n ¼ 8,314,461). The proportion of the population with at least 1 previous cesarean delivery (group 5) increased from 9.5% in 2005 through 2006 to 12.2% in 2013 through 2014.
The cesarean delivery rate in all groups across the 10-year study period is shown in Table 4 . Almost 90% of women with a previous cesarean (group 5) underwent repeat cesarean delivery. For breech presentation among nulliparous and multiparous women (groups 6-7) 95.9% and 92.8%, respectively, underwent cesarean. Primiparous women with a term, singleton, and cephalic pregnancy undergoing induction of labor (group 2a) were almost twice as likely to require a cesarean as those laboring spontaneously (group 1) (26.2% vs 13.2%). Cesarean rates for multiparous women with spontaneous and induced labor (groups 3 and 4a) were 4.9% and 8.5%, respectively. The rate of cesarean in multiple pregnancies (group 8) was 70.2%.
The Figure shows the contribution of each group to the overall rate of cesarean delivery. Women with a previous cesarean delivery were the group that AJOG at a Glance Why was this study conducted? The Robson 10-Group Classification System was developed with the goal of auditing and potentially reducing the rate of cesarean delivery. We sought to express the system in a nationwide cohort in the United States.
Key findings
Those with a previous cesarean delivery (group 5) are the largest contributor to the overall rate of cesarean delivery. The contribution of these patients increased over the period 2005 through 2014.
What does this add to what is known?
Use of the Robson criteria allows standardized comparisons of data and identifies clinical scenarios driving changes in cesarean rates.
Original Research OBSTETRICS ajog.org accounted for the largest proportion of cesareans (31.7%). The contribution of this group increased from 27.3% of cesareans performed in 2005 through 2006 to 34.1% in 2013 through 2014. Prelabor cesarean among nulliparous and multiparous women with singleton, cephalic presentation at term without a previous cesarean (groups 2b and 4b) accounted for 9% and 18% of overall cesarean deliveries, respectively. The numerical breakdown of the contribution of each group to the overall rate of cesarean delivery can be seen in Supplemental Table 1 .
Results from a sensitivity analysis from 22 
Comment
Principal findings
This study, comprising >27 million deliveries in the United States, constitutes the largest epidemiological study involving the TGCS. While the system has been widely applied internationally and is endorsed by the WHO to facilitate the analysis and comparison of cesarean delivery rates, its use in the United States has been limited.
The national rate of cesarean delivery has remained stable over the decade from 2005 through 2014, however, our analysis highlights many important temporal trends and patterns of practice in specific patient groups. When we examined the proportion of the pregnant population contributed by each of the 10 groups, we found that groups 1-4 accounted for >75% of all obstetric patients. Women with a singleton, term, cephalic pregnancy and no previous cesarean delivery exclusively populate these groups and they are differentiated simply on the basis of parity and onset of labor. Despite these seemingly favorable conditions for vaginal delivery, groups 1 through 4 account for almost 50% of all cesarean deliveries carried out in the US obstetric population. This subset of patients is the main focus of the ACOG movement on the "safe prevention of the 16, 17 and could represent the largest and most achievable gains in efforts to lower the overall rate of cesarean delivery. The rate of cesarean among induced primiparous women (group 2a) was 26.2%; this was almost twice the rate (13.2%) seen in primiparous patients with spontaneous onset of labor (group 1). This increased rate of cesarean was also seen among induced multiparous patients when compared with those who were spontaneously laboring (groups 3 and 4a) where the rates of cesarean were 8.5% and 4.9%, respectively. Original Research OBSTETRICS
ajog.org
The number of women with a singleton, cephalic, term pregnancy having a cesarean delivery without a trial of labor (groups 2b and 4b) is significant. The TGCS does not consider indication for cesarean delivery and it is not possible to speculate if these pregnancies had a medical indication governing mode of delivery or the choice was made based on patient or physician preference. We also postulated that some of these women may have been misclassified and could potentially belong in another group with a high risk of cesarean delivery such as group 5 (previous cesarean delivery) or groups 6 and 7 (those with a breech presentation). However, previous publications have shown such variables as cephalic presentation, cesarean delivery, and previous cesarean delivery were reported with high sensitivity (>90%) after introduction of the 2003 version of the birth certificate. 22 This would suggest that significant misclassification of these women did not take place. While many cases of cesarean delivery in groups 2b and 4b may be medically indicated, some may be carried out without clear medical indication and cesarean delivery for maternal request has consistently been highlighted as a cause for increasing rates of cesarean in recent decades. 23 A national guideline from the United Kingdom has reinforced the right of women to decide the mode of their delivery with appropriate counseling. 24 Guidance in the United States, however, has differed and the most up-to-date recommendations have advised against cesarean delivery for maternal request, particularly among those women who wish to have large families. 25 As the rate cesarean delivery has increased in the United States in recent decades, it is not surprising to see that the proportion of pregnant women with a previous cesarean delivery has increased, rising from 9. 26 ; however, this has not improved the rate of those achieving vaginal delivery. Furthermore, access to hospitals willing to provide VBAC to patients has been highlighted as a reason that VBAC rates remain unchanged. 27, 28 The lack of delivery options available to women with a previous cesarean delivery has led to increasing numbers of patients attempting VBAC in out of hospital settings; this has been shown to be associated with increased risk of adverse outcomes. 29 The contributions and cesarean rates seen in groups 6-10 were consistent over the decade from 2005 through 2014. Rates of cesarean delivery for breech presentations are now approximately 95%, while multiple pregnancies have a cesarean rate of 70%. While our data also demonstrate that preterm (<37 weeks' gestation) singleton cephalic infants account for 7% of all deliveries, the rate of cesarean delivery in this patient subset (group 10) is 37%.
Strengths of the study
The strengths of this study are in the fact that the TGCS is a reliable and easily applicable tool to assist in the analysis and comparison of cesarean rates. This novel system has the potential to impact positively on obstetric practice in the United States in the future. As this is a population-based study, from a national cohort over a 10-year period, it provides a platform to examine individual patient subgroups and identify those that may be a target for changes in practice to improve the overall cesarean rate. On a local level, the TGCS allows for monitoring the rate of cesarean and early recognition of any changes in rates of cesarean. It also allows easy comparison of cesarean delivery rates between individual institutions.
Limitations of the data
This study is not without limitation and due to the large numbers involved in the population-based design may make it challenging to make widespread changes to practice. It may be easier to effect change on a smaller scale institutional level. Also, while most variables have been shown to be coded for with a high degree of accuracy in a sample as large as this, a discrepancy such as 5-10% corresponds to potentially millions of deliveries. Original Research OBSTETRICS ajog.org
Conclusions
The Robson TGCS is a useful tool freely available to all health care institutions to facilitate analysis of rates of cesarean delivery. It promotes consistent practice patterns and allows nonevidence-based practices to be highlighted and halted if they are found to be inappropriate. The WHO has proposed that the TGCS is used as a global standard for assessing, monitoring, and comparing cesarean delivery rates within and between health care facilities. The widespread use of the system in the United States may promote transparency and improve understanding of the quality of health care delivery at individual institutions as well as eliminating uncertainties regarding the comparison of crude overall cesarean rates. While many worthwhile initiatives have been undertaken on a nationwide basis to attempt to lower the overall rate of cesarean, 16, 17, 30 this low-cost and easily interpretable system could prove to be beneficial in addressing this ongoing public health concern. n 
